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Development of the CIDSS2 Score for Children
with Mild Head Trauma without Intracranial Injury
Jacob K. Greenberg,1 Yan Yan,2 Christopher R. Carpenter,5 Angela Lumba-Brown,8
Martin S. Keller,2 Jose A. Pineda,3,4 Ross C. Brownson,2,6,7 and David D. Limbrick1
Abstract
While most children with mild traumatic brain injury (mTBI) without intracranial injury (ICI) can be safely discharged
home from the emergency department, many are admitted to the hospital. To support evidence-based practice, we
developed a decision tool to help guide hospital admission decisions. This study was a secondary analysis of a prospective
study conducted in 25 emergency departments. We included children under 18 years who had Glasgow Coma Scale score
13–15 head injuries and normal computed tomography scans or skull fractures without significant depression. We
developed a multi-variable model that identified risk factors for extended inpatient management (EIM; defined as hos-
pitalization for 2 or more nights) for TBI, and used this model to create a clinical risk score. Among 14,323 children with
mTBI without ICI, 20% were admitted to the hospital but only 0.76% required EIM for TBI. Key risk factors for EIM
included Glasgow Coma Scale score less than 15 (odds ratio [OR] = 8.1; 95% confidence interval [CI] 4.0–16.4 for 13 vs.
15), drug/alcohol Intoxication (OR = 5.1; 95% CI 2.4–10.7), neurological Deficit (OR = 3.1; 95% CI 1.4–6.9), Seizure
(OR = 3.7; 95% CI 1.8–7.8), and Skull fracture (odds ratio [OR] 24.5; 95% CI 16.0–37.3). Based on these results, the
CIDSS2 risk score was created. The model C-statistic was 0.86 and performed similarly in children less than (C = 0.86) and
greater than or equal to 2 years (C = 0.86). The CIDSS2 score is a novel tool to help physicians identify the minority of
children with mTBI without ICI at increased risk for EIM, thereby potentially aiding hospital admission decisions.
Keywords: clinical decision tool; emergency medicine; pediatric neurosurgery; traumatic brain injury
Introduction
Head trauma is one of the most prevalent diagnoses affectingchildren, leading to approximately 600,000 emergency de-
partment (ED) visits and 6,000 deaths per year in the United
States.1,2 Traumatic brain injury (TBI) is also among the most
expensive pediatric diagnoses, with more than $1 billion in annual
inpatient charges in the U.S.3 Over 90% of new head injuries in
children are categorized as mild TBI (mTBI)4—defined as those
with a Glasgow Coma Scale (GCS) score of 13–155,6—and this
group comprises approximately one-third of the 50,000 to 60,000
annual pediatric TBI hospital admissions.3,7,8
Among children presenting to the ED with suspected mild head
injuries, about one-third receive a head computed tomography (CT)
scan, and approximately 95% of those scans show no intracranial
injury (ICI).8,9 Recent studies of children with mTBI and normal
head computed tomography (CT) scans, including a large-scale
analysis of data collected by the Pediatric Emergency Care Applied
Research Network (PECARN), have demonstrated that the risk of
neurosurgical intervention is exceedingly small, suggesting such
patients may not require inpatient observation for sudden neuro-
logical worsening.10,11 Even among children with isolated linear
skull fractures—i.e., with no intracranial pathology—neurosurgical
intervention or the delayed development of intracranial hemor-
rhage remains extremely uncommon.12,13
While such findings have led several authors and institutional
guidelines to recommended against inpatient admission in this
population,10,11,14,15 many patients are still admitted due to con-
cerns regarding the need for extended inpatient management (EIM)
for problems such as repeated seizures or persistent inability to
tolerate oral intake. Indeed, recent reports suggest that admission
rates in this population may be as high as 70%,11 and closer to 80%
among those with isolated skull fracture.16,17 These findings il-
lustrate the need for more specific guidance regarding which mTBI
patients are likely to require inpatient management.
Building on the existing literature, the objective of this study was
to define the baseline rate and key risk factors for EIM for TBI
management in children with mTBI without ICI. By creating a tool
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that reflects the prognostic importance of both isolated skull frac-
ture and other clinically relevant findings, this study aims to pro-
vide an evidence-based foundation to facilitate shared decision
making between clinicians and families.
Methods
Study population
This study was a secondary analysis of the publicly available,
prospective PECARN cohort study of children with mild head in-
juries.18 The details of this study have been described previously,
but briefly, this study included children younger than 18 years who
were enrolled in one of 25 participating EDs in North America.
Enrollment occurred from 2004 to 2006. To maximize the capture
of clinically relevant outcomes, research coordinators reviewed
inpatient records and conducted follow-up telephone interviews
with patients’ guardians 7 to 90 days post-ED evaluation. When
guardians could not be reached, additional hospital and county
records were reviewed.
Within the PECARN cohort, we included children with GCS
scores of 13–15 who had a CT scan performed in the ED that did not
show ICI. Consistent with the PECARN methods, ICI was defined
as intracranial hemorrhage, cerebral edema, skull diastasis, midline
shift, pneumocephalus, significantly depressed skull fracture (de-
pressed by at least the width of the skull), traumatic infarction,
diffuse axonal injury, herniation, shear injury, or sigmoid sinus
thrombosis identified on CT.18 Mildly depressed skull fractures (i.e.
depressed less than the width of the skull) and non-depressed skull
fractures were not considered ICI, keeping with the original PE-
CARN terminology.18 Imaging findings were extracted from ra-
diology reports and approved by site principal investigators. A
quality review also was conducted, assessing all positive and any
unusual findings. The PECARN cohort excluded patients with
trivial injury presentations (e.g. ground-level falls, running into
stationary objects), as well as those with penetrating TBI, pre-
existing comorbid neurological disease, and bleeding disorders.
Predictor variables
Among the variables collected by PECARN, we focused on
those thought to be the most clinically relevant in the post-CT
evaluation of mTBI patients. The full list of potential predictors
evaluated is shown in the Appendix Table 1. All of these vari-
ables—except scalp hematoma—had kappa coefficients of at least
0.5, indicating at least moderate inter-rater reliability.18,19 For the
‘‘skull fracture’’ variable, we grouped together non-depressed and
mildly depressed fractures (combining those depressed less than the
width of the skull) since we found that the event rate for the two
groups was similar. Patients with fractures depressed by the width
of the skull or greater were considered to have ICI and were ex-
cluded from the analysis.8 Presence of a neurological deficit was
defined as any abnormality noted in the cranial nerve, motor, sen-
sory, or reflex assessment.18 The composite variable for any neu-
rological deficit was analyzed for predictive modeling, but the
frequency of each subtype of deficit also was reported for de-
scriptive purposes.
Outcome variable
The study dataset did not include variables to reflect the potential
benefit of a brief overnight admission (e.g., intravenous hydration).
Further, given evidence demonstrating that this population is at
exceedingly low risk of needing neurosurgical intervention,10,11
many potential indications for hospital admission relate to brief,
symptomatic management (e.g., nausea or pain). While no decision
tool will absolutely distinguish which patients may derive any
potential benefit from hospital admission, our goal was to focus on
those patients with more persistent and prolonged TBI-related
difficulties that would be challenging to manage at home. There-
fore, for the primary study outcome we used EIM, defined as
hospitalization for 2 or more nights due to the TBI, with the goal of
providing physicians and families with an outlook of the child’s
near-term clinical course. While patients with extracranial injuries
were included in the study, this outcome of EIM excluded patients
with prolonged admissions due to social reasons, workup of non-
accidental trauma, or other extracranial injuries. However, specific
indications for inpatient TBI management (e.g., seizure treatment
or intravenous hydration) were not recorded. To the extent possible,
we included in this outcome patients initially discharged home but
later readmitted for EIM. As secondary outcomes, we evaluated the
rate of intubation, neurosurgical intervention, and death due to TBI.
Statistical analysis
We found that some variables in the risk prediction analysis had
missing data. These missing data were treated as previously re-
ported.8 For dichotomous variables with less than 5% missing data,
we assumed that missing indicated not present (i.e., ‘‘0’’ values).
We verified that this assumption did not significantly alter the re-
sults by conducting a sensitivity analysis where such missing data
were instead treated as missing in a complete case analysis (see
Appendix). For other variables with missing data, we used multi-
ple imputation with 10 imputed datasets, using previously pub-
lished approaches for missing data exploration and imputation.20–22
The details of our imputation techniques have been reported
previously.8
After imputation, multi-variable logistic regression was used to
develop a model to predict the risk of EIM. Univariate analyses
were first conducted with potential predictors, and variables with
p < 0.20 were entered into the multi-variable analysis. Forward
selection was used to select variables for the final multi-variable
model that had p < 0.10 in 50% of more of the imputed datasets.
Rubin’s rules were used to combine p values and regression coef-
ficients across the imputed datasets.23
Using this approach, we developed an initial model that included
all variables identified by the automatic selection procedure. This
‘‘large’’ model was further refined to maximize the simplicity and
clinical utility of the final decision tool. For example, although
length of loss of consciousness was initially selected for the multi-
variable model, using history of loss of consciousness (yes/no)
instead improved the ease of clinical use with a negligible impact
on the model’s overall predictive ability—as evaluated by the C-
statistic. In addition, we recognized that the size of the initial 10-
variable model made it impractical for routine use. Consequently,
we derived an abridged model by evaluating the model beta coef-
ficients, first-differences of each variable, variable prevalence, and
the clinical significance of each variable in the larger model. In this
context, first-difference refers to the difference in predicted risk
between two levels of a variable, holding all other factors constant
(e.g., the difference in risk between yes vs. no headache when all
other variables are constant).
We evaluated the discrimination of both models using the
C-statistic, which represented the area under the receiver oper-
ating characteristic curve. Bootstrapping was used to obtain the
bias-corrected confidence interval of the C-statistic. We evaluated
calibration using the Hosmer-Lemeshow test, which compares
observed versus predicted values.24 To evaluate whether model
performance varied between very young and older children, we
tested the discrimination of the final model in children younger than
2 years versus children age 2 years or older.
Based on the final multi-variable model, we created a clinical risk
score using previously described approaches, assigning integer point
values to each factor in the model.25 The details of this process are
described in the Appendix. After the CIDSS2 score was finalized, its
performance was evaluated by examining the sensitivity, specificity,















































positive and negative predictive value, and negative likelihood
ratio for different point score cutoffs. Ninety-five percent confi-
dence intervals were calculated using exact methods as previously
described.8 Statistical analyses were done using R statistical soft-
ware and related packages (R Foundation for Statistical Comput-
ing, Vienna, Austria),21,22,26 along with SAS version 9.4 (SAS
Institute Inc, Cary, NC). Statistically significant outcomes were
defined based on two-tailed p values less than 0.05.
Results
Among the 15,162 children enrolled in the PECARN study who
received a CT scan in the ED, 14,323 (94.5%) had no ICI and con-
stituted the study cohort. Most children were white (58.6%), male
(63.2%), and older than 2 years of age (78.5%). The vast majority of
patients presented to the ED with a GCS score of 15 (91.5%) and with
a moderate severity mechanism of injury (65.6%).
Of the 14,323 children without ICI, 11,288 (78.8%) were sent
home, while 2506 (17.5%) were admitted to a general ward or
short-stay unit. A small number of children were sent straight to the
operating room (0.71%) for extracranial injuries or to the intensive
care unit (1.9%). Only 109 children (0.76%) required EIM for 2 or
more nights due to problems associated with their TBI, including
two children initially discharged home from the ED. No children
with mTBI without ICI required neurosurgical intervention, but
two (0.01%) required intubation for more than 24 hours related to
their head trauma. No patients died due to TBI.
In univariate analyses (Table 1), EIM was associated with
multiple different presenting signs and symptoms, including
headache, post-traumatic vomiting, GCS score, injury mechanism
severity, history of loss of consciousness, skull fracture, presence of
a neurological deficit, and suspected drug or alcohol intoxication.
Given the similar rate of prolonged hospitalization among patients
with non-depressed (10.1%) and mildly depressed (8.3%) skull
fractures, these variables were grouped together for this analysis
and the subsequent multi-variable analysis.
In the multi-variable analysis, there were 10 variables retained in
the initial selection procedure, all of which had p values less than
0.05. The final 10-variable model is shown in Appendix Table 2. In
an attempt to create a risk tool more practical for clinical use, this
initial model was further refined by examining the statistical
strength and prevalence, as well the clinical appropriateness of each
predictor. This abridged model (Table 2) included skull fracture (odds
ratio [OR] = 24.5; 95% confidence interval [CI] 16.0–37.3), GCS score
(OR = 8.1; 95% CI 4.0–16.4 for 13 vs. 15), post-traumatic seizure
(OR = 3.7; 95% CI 1.8–7.8), presence of a neurological deficit
(OR = 3.1; 95% CI 1.4–6.9), and suspected alcohol/drug intoxica-
tion (OR = 5.1; 95% CI 2.4–10.7). The model C-statistic was 0.86
(95% CI 0.81–0.90) and the Hosmer-Lemeshow chi-squared test
was not significant ( p = 0.42). Among children younger than 2
years, the C-statistic was 0.86 (95% CI 0.78–0.97) and was nearly
the same (0.86; 95% CI 0.81–0.91) among children 2 years or older.
Based on this final multi-variable model, we created a simple
decision tool, the CIDSS2 score, that assigned 1 point to four var-
iables (Glasgow Coma Scale, Intoxication, neurological Deficit,
Seizure), and 2 points for a Skull fracture (Fig. 1A). For practical
utility, the score was divided into low- (0–1 points), medium- (2
points), and high-risk (‡ 3 points) groups (Fig. 1B). In the low-risk
group, 0.39% (95% CI 0.30–0.51) had EIM, compared with 6.5%
(95% 4.5–8.9) in the medium-risk group and 19.6% (95% CI 12.6–
28.4) in the high-risk group.
Using a cutoff of ‡2 points to admit to the hospital had a sen-
sitivity of 50.5% and a negative predictive value of 99.6% for
capturing prolonged hospitalizations. Alternatively, using a cutoff
of ‡3 points to admit to the hospital had a sensitivity of 19.3% and a
negative predictive value of 99.4% (Fig. 1C). Using the first cutoff
would have reduced the admission rate from 20% (2,873 admis-
sions) to 4.4% (633 admissions), while using the higher cutoff of ‡3
points to admit would have further reduced the admission rate to
0.75% (107 admissions; Fig. 2).
Discussion
In this analysis of over 14,000 children with mTBI without ICI
on head CT, we found that the rate of EIM for TBI was extremely
low, indicating this population is at low risk for persistent TBI-
related problems requiring inpatient management. To aid physi-
cians and families uncertain of these patients’ near-term course, we
developed the CIDSS2 score to help identify the minority of chil-
dren at risk of experiencing EIM due to TBI.
Mild TBI is among the most common reasons children are ad-
mitted for inpatient observation,27 and reducing unnecessary ad-
missions has the potential to yield substantial savings in healthcare
spending. Admission for observation at pediatric hospitals typically
costs over $2000—about $1500 more than the cost for patients
discharged from the ED.16,27,28 Likewise, hospital transfer costs for
patients with mTBI average over $4000 per patient.29 These esti-
mates also do not account for the time parents spend away from
work and other family when their children are admitted. Given
these substantial economic and social pressures, safely reducing
mTBI admissions has the potential to yield substantial health care
savings while reducing the burden on patients and families.
Focusing on this goal, prospectively gathered, multi-center ev-
idence has shown that among children with mTBI that warranted
head CT, those without ICI—including those with linear skull
fractures—are at extremely low risk of neurological deterioration
or needing neurosurgical intervention.10,12 These findings have led
to recommendations against hospital admission in this population.
However, multiple studies indicate that such blanket recommen-
dations based only on the risk of severe deterioration have not
sufficiently addressed clinician concerns regarding which patients
require inpatient management.
For example, despite recommendations from the American
Academy of Pediatrics and the Eastern Association for the Surgery
of Trauma to the contrary,14,15 a recent study found that approxi-
mately 70% of children with predominantly mTBI without ICI
were admitted for observation.11 Likewise, among children with
mTBI and isolated skull fractures, approximately 80% of patients
are admitted to the hospital.16,17 Even after the implementation of
programs recommending against this practice, admission rates re-
mained at or above 50%.17,30
While several factors—including social and medicolegal con-
cerns—may influence these practices, these admission patterns indi-
cate that despite assurances against severe neurological deterioration,
clinicians remain concerned about the need for inpatient management
for TBI-related symptoms. Although certain local protocols and so-
cietal guidelines have highlighted risk factors for a complicated
course—such as post-traumatic seizure or vomiting30,31—the evidence
supporting those recommendations is weak. This shortcoming em-
phasizes the need for further guidance regarding the near-term course
of mTBI patients without ICI.
Seeking to identify those patients most likely to encounter
problems if discharged home, we used a large, prospective, multi-
center dataset to create a simple model identifying key risk factors
for EIM for TBI management. Based on the results of this accurate















































model, the CIDSS2 score quantifies this risk based on GCS score
less than 15, suspected drug/alcohol intoxication, presence of a
focal neurological deficit, post-traumatic seizure, and skull frac-
ture. While the score’s sensitivity was relatively low (19–50%), the
negative predictive value remained high (> 99%), reflecting the low
prevalence of prolonged hospitalization in this population.
Recognizing that the CIDSS2 score was not intended to identify
any possible symptomatic benefit from brief overnight admission,
Table 1. Population Demographic Characteristics, Clinical Characteristics, and Emergency department
Disposition of Children with mTBI and No ICI on CT
No extended inpatient management (%) Extended inpatient management (%) p value
Age in years (median) 8 8 0.82
Age ‡2 years 11,159 (78.5) 89 (81.7) 0.43
Gender 0.23
Male 8980 (63.2) 75 (68.8)
Female 5234 (36.8) 34 (31.2)
Race
White 8333 (58.6) 62 (56.9) Ref
Black 4059 (28.6) 38 (34.9) 0.27
Asian 281 (2.0) 1 (0.92) 0.47
Other 1541 (10.8) 8 (7.3) 0.34
GCS score
15 13,000 (91.5) 62 (56.9) Ref
14 1001 (7.0) 35 (32.1) 0.16
13 213 (1.5) 12 (11.0) <0.01
Injury severity
Low 1898 (13.4) 6 (5.5) Ref
Moderate 9320 (65.6) 69 (63.3) 0.04
High 2996 (21.1) 34 (31.2) <0.01
Loss of consciousness 5111 (36.0) 54 (49.5) <0.01
Neurological deficit* 433 (3.1) 8 (7.3) 0.01
Motor deficit 97 (0.68) 2 (1.8) NA
Sensory deficit 85 (0.60) 0 (0) NA
Cranial nerve deficit 62 (0.44) 2 (1.8) NA
Reflex abnormality 9 (0.06) 0 (0) NA
Other deficit (e.g., cerebellar, gait) 244 (1.7) 5 (4.6) NA
Non-cranial significant injury 2365 (16.6) 31 (28.4) <0.01
Suspected drug intoxication 283 (2.0) 9 (8.3) <0.01
Altered mental status 4347 (30.6) 76 (69.7) <0.01
Acting normally 9199 (64.7) 36 (33.0) <0.01
Amnesia
No amnesia 6102 (42.9) 31 (28.4) Ref
Yes amnesia 3734 (26.3) 41 (37.6) <0.01
Pre-verbal 4378 (30.8) 37 (33.9) 0.03
Headache
No headache 3682 (25.9) 8 (7.3) Ref
Headache 6564 (46.2) 64 (58.7) <0.01
Pre-verbal 3968 (27.9) 37 (33.9) <0.01
Post-head trauma vomiting 3456 (24.3) 42 (38.5) <0.01
Post-traumatic seizure 391 (2.8) 10 (9.2) <0.01
Skull fracture 428 (3.0) 47 (43.1) <0.01
Scalp hematoma 5566 (39.2) 58 (53.2) <0.01
Bulging fontanelle 14 (0.10) 1 (0.92) 0.03
ED disposition
Home 11,286 (79.5) 2 (1.8) NA
Operating room 100 (0.70) 2 (1.8) NA
General ward 1,815 (12.8) 68 (62.4) NA
Intensive care unit 240 (1.7) 25 (22.9) NA
Observation unit 612 (4.3) 11 (10.1) NA
Other 161 (1.1) 1 (0.92) NA
*Some patients had more than one type of neurological deficit noted, explaining the disparity between the number of patients with any deficit and the
sum of all subtypes of neurological deficits.
The p values refer to the comparison between patients that did and did not experienced extended inpatient management for TBI (simple logistic
regression).
mTBI, mild traumatic brain injury; ICI, intracranial injury; CT, computed tomography; Ref, reference category; GCS, Glasgow Coma Scale; ED, emergency
department; NA, not applicable.















































we recommend considering routine discharge home for children in
the low-risk group (0–1 points), given the extremely low rate of
EIM. Likewise, for children in the medium-risk group (2 points)—
which includes those with isolated skull fractures—only 6% have a
prolonged course, indicating discharge home is likely appropriate
in most circumstances. This recommendation is consistent with
other recent studies recommending discharge home for most patients
with isolated skull fractures.12,13 However, clinicians also should
discuss with families the risk of persistent symptoms that could re-
quire return to the hospital. Finally, clinicians should consider the
need to admit the small minority of children in the high-risk (>3
points) category, based in part on shared decision making using valid
patient decision aids,32 family preferences, patient proximity to the
hospital, and other individual considerations. Implementing this
evidence-based framework may help reassure providers and families,
thereby helping lower admission rates.
This study has several limitations. Most importantly, we retro-
spectively evaluated a prospectively collected database, which limited
our ability to verify findings and methodological questions and eval-
uate certain novel end-points. Most notably, the dataset lacked infor-
mation on specific indications for EIM, such as intravenous hydration
or seizure management. Lacking such end-points could have led us to
include children who experienced EIM only due to an overabundance
of caution. Likewise, the CIDSS2 score was not intended to exclude
any possible symptomatic benefit from brief overnight admission (e.g.,
intravenous antiemetics). In addition, we were unable to evaluate the
overall readmission rate or the impact of the timing of patients’ initial
CT scans relative to their injuries in predicting their subsequent clinical
course. Finally, we could not assess how many patients underwent a
brain magnetic resonance imaging scan—an increasingly important
modality for evaluating pediatric TBI33,34—or evaluate the impact of
repeat neuroimaging data on patients’ clinical course. However, pre-
vious studies by PECARN have shown that among children in this
cohort with GCS 14–15 head injuries without ICI, only 26 of 396
(6.6%) with repeat neuroimaging had abnormal findings on follow-up
exam. Moreover, less than half of those with abnormal repeat neu-
roimaging findings and reported lengths of hospital stay underwent
EIM, suggesting the impact of such findings was limited.10,12
Another limitation is that the CIDSS2 score only reflects the need
for hospitalization for TBI; other concerns, such as need for a non-
accidental trauma evaluation, may still prompt admission among
some patients with low scores. In addition, this study included a
relatively broad age group and some elements of the CIDSS2 score,
such as suspected drug or alcohol intoxication, may not be appro-
priate in very young populations. Nevertheless, the score showed
high discrimination in both younger and older populations,
Table 2. The Abridged Multi-Variate Risk Model
Predicting Extended Inpatient Management
in Children with mTBI without Intracranial Injury
Beta Odds ratio (95% CI)
Skull fracture 3.2 24.5 (16.0–37.3)
Suspected drug/alcohol use 1.6 5.1 (2.4–10.7)
Seizure 1.3 3.7 (1.8–7.8)
Neurological deficit 1.1 3.1 (1.4–6.9)
GCS score
15 Ref Ref
14 1.6 5.1 (3.3–8.0)
13 2.1 8.1 (4.0–16.4)
The model intercept was -6.0.
mTBI, mild traumatic brain injury; GCS, Glasgow Coma Scale; Ref,
reference category.
FIG. 1. The CIDSS2 score. (A) The point values assigned to different risk factors. (B) The risk (with 95% confidence interval) of
extended inpatient management (EIM) at different point levels. (C) The performance characteristics of different risk cutoffs in
predicting EIM. Color image is available online at www.liebertpub.com/neu.















































demonstrating the tool’s relevance in both groups. Finally, future
efforts will be needed to externally validate the predictive accuracy
and clinical effectiveness of the CIDSS2 score using additional end-
points that reflect the need for inpatient care.
Conclusions
The vast majority of children with mTBI without ICI do not
undergo neurosurgical intervention or require EIM for TBI man-
agement. The CIDSS2 score risk stratifies this group, helping
identify the minority of patients at increased risk of experiencing
EIM, potentially aiding admission decisions. The effectiveness and
impact of this score should be externally validated in a prospective
multi-center study.
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Based on our final multi-variable model, we created the CIDSS2
score using the methods outline by Sullivan and colleagues1 This
was implemented as follows:
1) We first determined the reference values for each category.
For our model, all variables were dichotomous except for
Glasgow Coma Scale (GCS) score, where a value of 15 was
set as the reference category.
2) The referent risk factor profile was thus assigned as a patient
having a GCS score of 15 and the absence of the four other
risk factors (suspected drug/alcohol intoxication; presence of a
neurological deficit; post-traumatic seizure; or skull fracture).
3) The value of the constant, B, was defined as the number of
regression units that would correspond to 1 point in the
score. Defining this constant involved trial and error to
achieve a point score with a reasonable range.
4) The number points associated with each category of each
risk factor was defined as:
a. Pointsij = Bi(Wij - WiREF)/ B
i. Bi = regression coefficient
ii. WiREF = reference value for a given category
iii. Wij = specific value of interest for a given category
5) The number of points for all risk factors was summed
6) The risk for each point total was calculated as follows:
a. bp¼ 1
1þ exp (+pi¼ 0biXi)
b. Where +p
i¼ 0BiXi is approximated as: model intercept +
B(Point total)
Imputation sensitivity analysis
To simplify the multiple imputation with a negligible impact on
the results, we treated dichotomous variables with 5% or less
missing data as ‘‘not present’’ or ‘‘0’’ values. To test whether this
assumption had any significant impact on the results, we repeated
the multi-variable model selection with a complete case analysis,
treating such missing data as ‘‘missing.’’ Multiply-imputed vari-
ables were used for other missing data (i.e. categorical variables or
those with more than 5% missing data). The results of this multi-
variable analysis yielded a nearly identical result to our initial
multi-variable selection, with the only difference being that the
variable for timing of headache onset was selected rather than
‘‘headache (yes/no). However, as described in the methods, to
obtain the final 10-variable model, we substituted similar variables
for clinical simplicity (e.g. loss of consciousness [yes/no] for
Appendix Table 1. Variables Evaluated as Potential
Predictors of Extended Inpatient Management
 Injury mechanism severity: divided into severe (motor
vehicle collision with ejection, death of a passenger, or
rollover; pedestrian or cyclist struck by a car without a
helmet; falls greater than 5 [‡ 2 years] or 3 feet [< 2 years];
or struck by a high impact object), mild (ground-level fall
or running into a stationary object), or moderate (all other
mechanisms)1
 Loss of consciousness: evaluated as yes/no and less than
vs. greater than 5 sec,
 Post-traumatic seizure: evaluated as yes/no and also by
seizure length
 Acting normally according to the caregiver
 Headache: evaluated as yes/no and also by headache
severity and timing
 Post-traumatic vomiting: evaluated as yes/no and also
according to vomit timing and number of times vomited
 Amnesia to the trauma
 GCS score: recorded when the patient was initially
evaluated by the ED team as part of routine care, and thus
reflected any impairment from pharmacologic sedation or
drug or alcohol intoxication; the score was not updated if
the patient’s neurological condition subsequently changed
while in the ED. The pediatric GCS score was used for
children 2 years or younger1
 Altered mental status
 Bulging anterior fontanelle
 Signs of basal skull fracture
 Scalp hematoma
 Neurological deficit: any deficit noted in the cranial nerve,
motor or sensory, or reflex assessment1
 Suspicion for alcohol or drug intoxication
 Other (non-cranial) significant injuries
 Skull fracture





GCS, Glasgow Coma Scale; ED, emergency department.
1. Kuppermann, N., Holmes, J.F., Dayan, P.S., Hoyle, J.D. Jr., Atabaki,
S.M., Holubkov, R., Nadel, F.M., Monroe, D., Stanley, R.M., Borgialli,
D.A., Badawy, M.K., Schunk, J.E., Quayle, K.S., Mahajan, P., Lichenstein,
R., Lillis, K.A., Tunik, M.G., Jacobs, E.S., Callahan, J.M., Gorelick, M.H.,
Glass, T.F., Lee, L.K., Bachman, M.C., Cooper, A., Powell, E.C., Gerardi,
M.J., Melville, K.A., Muizelaar, J.P., Wisner, D.H., Zuspan, S.J., Dean,
J.M., and Wootton-Gorges, S.L. (2009). Identification of children at very
low risk of clinically-important brain injuries after head trauma: a
prospective cohort study. Lancet. 374, 1160–1170.
Appendix Table 1. The Full 10-Variable Multi-Variate
Risk Model Predicting Extended Inpatient Management
among Children with Mild Traumatic Brain Injury
without Intracranial Injury
Beta Odds ratio (95% CI)
Skull fracture 3.3 28.3 (17.9–44.7)
Suspected drug/alcohol use 1.5 4.6 (2.2–9.9)
Seizure 1.4 4.2 (2.0–9.1)
Headache
No Ref Ref
Yes 1.4 4.2 (2.0–9.1)
Pre-verbal 0.98 2.7 (1.2–6.1)
Neurological deficit 1.1 2.9 (1.3–6.5)
GCS score
15 Ref Ref
14 1.2 3.2 (1.9–5.5)
13 1.3 3.6 (1.6–8.1)
Post-injury vomiting 0.88 2.4 (1.6–3.7)
Non-cranial significant injury 0.81 2.2 (1.4–3.6)
Altered mental status 0.76 2.1 (1.3–3.6)
Loss of consciousness 0.57 1.8 (1.1–2.7)
CI, confidence interval; Ref, reference category; Glasgow Coma Scale, GCS.















































length of consciousness) with minimal impact on model perfor-
mance.
Finally, we tested the discrimination (i.e., C-statistic) of the final
10-variable model reported in Appendix Table 2 using the complete
case analysis where dichotomous variables with 5% or less missing
data were treated as missing. We found that across 10 imputed
datasets, the mean C-statistic was 0.90 (range 0.900–0.909), es-
sentially the same as the C-statistic found in the 10-variable model
shown in Appendix Table 2 (C = 0.90) based on the original im-
putation approach.
Reference
1. Sullivan L. M., Massaro J. M., and D’Agostino R. B. Sr. (2004). Pre-
sentation of multivariate data for clinical use: the Framingham Study
risk score functions. Stat. Med. 23, 1631–1660.
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